BACKGROUND: Healthy diet, physical activity and modest weight gain during pregnancy may prevent developing gestational diabetes mellitus (GDM). We examined whether a lifestyle intervention designed to prevent GDM was effective in reducing excessive gestational weight gain (GWG). METHODS: A cluster-randomised controlled trial (n ¼ 399) was conducted in maternity clinics in 14 municipalities in Southern Finland. Pregnant women with at least one risk factor for GDM (for example, overweight) but no pre-existing diabetes were recruited at 8-12 weeks' gestation. The intervention included counselling on GWG, physical activity and healthy eating at five routine visits. Usual counselling practices were continued in the usual care municipalities. Statistical analyses were performed using multilevel linear and logistic regression models adjusted for weeks' gestation at last weight measurement, pre-pregnancy body mass index and smoking status. RESULTS: The intervention group had a lower mean GWG by weeks' gestation than the usual care group (adjusted coefficient for the between-group difference À 0.016 kg per day, P ¼ 0.041). There was no difference in mean (±s.d.) GWG between the intervention and the usual care groups (13.7±5.8 vs 14.3±5.0 kg, P ¼ 0.64). In total, 46.8% of the intervention group and 54.4% of the usual care group exceeded the GWG recommendations. The adjusted odds ratio for excessive GWG was 0.82 (95% CI 0.53-1.26, P ¼ 0.36) in the intervention group as compared with the usual care group. CONCLUSIONS: The intervention had minor effects on GWG among women who were at increased risk for GDM. In order to prevent excessive GWG, additional focus on restriction of energy intake may be needed. (2012) 66, 1344-1350; doi:10.1038/ejcn.2012.146 Keywords: pregnancy; gestational weight gain; cluster randomized controlled trial; dietary counselling; physical activity counselling; gestational diabetes mellitus
INTRODUCTION
High gestational weight gain (GWG) is an important risk factor for adverse pregnancy outcomes, such as caesarean section and high birth weight infants. [1] [2] [3] High GWG may also increase the risk of gestational diabetes mellitus (GDM) [4] [5] [6] or impaired glucose tolerance during pregnancy, possibly by reducing insulin sensitivity. 7 In addition to being strongly associated with longterm weight retention and risk of overweight in the mother, 2, 8, 9 high GWG also increases the risk of overweight in the offspring. [10] [11] [12] [13] The US Institute of Medicine (IOM) published the body mass index (BMI) specific recommendations for GWG in 1990 (ref. 14) and revised them slightly in 2009 (ref. 15) taking into consideration a wide range of long-term consequences, such as weight retention in the mother. These US recommendations have been adopted in many European countries. 16 Several trials have aimed to restrict GWG by dietary and physical activity interventions and the results of these trials have recently been reviewed by a roughly similar number of systematic reviews and/or meta-analyses. [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 28 The reviews have reported mixed results, mainly due to different inclusion criteria for individual trials. The individual trials have been heterogeneous and in most of them the sample size has been small. Larger trials are still needed to explore the effects of lifestyle counselling on prevention of excessive GWG and its adverse consequences.
The present study is a part of a cluster-randomized controlled trial primarily aimed at preventing GDM by counselling pregnant women on GWG, physical activity and diet. 29, 30 The effects of the intervention on prevention of GDM and high-birth-weight infants (the primary outcomes) 30 as well as physical activity and diet (secondary outcomes) 31, 32 have been reported previously. The main results of the study showed that the intervention was able to reduce mean birthweight and the proportion of large-forgestational-age infants, although it did not have an effect on the proportion of women diagnosed with GDM by 26 to 28 weeks' gestation. 30 The present paper describes the effects of the intervention on the proportion of women exceeding the IOM's recommendations for GWG, 14 the mean total GWG and the mean weight gain by weeks' gestation. We hypothesised that a lower proportion of the intervention group exceeds the GWG recommendations as compared with the usual care group.
MATERIALS AND METHODS

Study design
This study was a non-blinded cluster-randomized controlled trial conducted in Pirkanmaa region, Southern Finland. The methods of the study have been described previously in detail. 29, 30 The study was conducted in municipal maternity clinics in 14 municipalities, which 1 School of Health Sciences, University of Tampere, Tampere, Finland; were arranged into pairs and matched for the size and the socioeconomic level of the population, annual number of births, incidence of GDM and the location (rural/urban area). The municipalities were then randomised by computer within each pair to the intervention or to the usual care municipalities. The purpose of the cluster-randomisation was to reduce the possibility of contamination of counselling practices of the public health nurses. The ethical approval for the study protocol was obtained from the ethical committee of Pirkanmaa Hospital District. All participants gave a written informed consent.
Participants
Public health nurses (n ¼ 53) recruited pregnant women for the study at their first visit (8-12 weeks' gestation) to the maternity clinic. Recruitment took place between 1 October 2007 and 31 December 2008 and all participants had given birth by September 2009. In Finland, public health nurses (later referred as nurses) are registered nurses who are specialized, for example, in health promotion and have completed 4 year training.
The pregnant women were eligible if they had at least one of the following risk factors for GDM: BMI X25 kg/m 2 , age X40 years, GDM or any sign of glucose intolerance or a macrosomic baby (X4500 g) in any previous pregnancy, or type 1 or type 2 diabetes in first-or second-grade relatives. They were excluded if they had at least one of the following: a pathological result in the baseline oral glucose tolerance test (75 g glucose) at 8-12 weeks' gestation, 33 pre-pregnancy type 1 or 2 diabetes, inability to speak Finnish, age o18 years, twin pregnancy, physical restriction that prevents from exercising, substance abuse, or treatment or clinical history for major psychiatric illness, or other chronic disease.
The flow of participants is shown in Figure 1 . Of women preliminarily eligible to the study, 343 (88.2%) in the intervention group and 297 (88.1%) in the usual care group gave informed consent to participate. However, 81 (23.6%) of the participants in intervention group and 93 (31.3%) of the participants in the usual care group were found ineligible and excluded due to an abnormal result in oral glucose tolerance test at baseline (8) (9) (10) (11) (12) weeks' gestation). The final number of participants in the analyses was 219 in the intervention group and 180 in the usual care group (89.0% and 91.8% of participants receiving the allocated intervention or the usual care, respectively).
Intervention
The intervention consisted of individual counselling on weight gain, physical activity and diet by the nurses at five routine visits to the maternity clinics ( Table 1 ). The counselling procedures and materials have been described in detail previously. 29 The general aim of the counselling was to help the participants to achieve the recommendations on GWG, physical activity and diet during pregnancy. At the first visit, the nurses first calculated the participants' BMI based on measured height and selfreported pre-pregnancy weight and then informed them about the GWG range recommended for their BMI. The participants also received follow-up notebooks, including BMI-specific charts, for monitoring their weight gain until the end of pregnancy. Weight gain was recorded on the chart and the participants received feedback on their weight gain from the nurses at each of the five visits. The participants were also encouraged to selfmonitor their weight gain between the visits by weighing themselves and recording the weight on the chart.
The contents of the physical activity and dietary counselling are also shortly described in Table 1 . The participants were also offered an opportunity to participate in monthly thematic meetings on physical activity, including group exercise conducted by physiotherapists. The participants were not provided specific goals for energy intake or expenditure. Usual counselling practices were continued in the usual care clinics.
Outcome variables and data collection
The outcomes were the proportion of women with excessive GWG (that is, proportion of women exceeding the IOM's 1990 recommendations on GWG), 14 the mean total GWG, the mean weight gain by weeks' gestation and the proportion of women who exceeded IOM's revised recommendations for GWG, 15 which were published after all participants were enroled. The revised recommendations are 12.5-18.0 kg for women with pre-pregnancy BMIo18. Data on age, parity, anthropometric measurements and other pregnancy data were obtained from the standard maternity card used in all maternity clinics. Pre-pregnancy weight was self-reported and height was measured at the first visit. Body weight was measured at all visits during pregnancy and recorded to one decimal place. The measurements were performed in light clothing and without shoes. Total GWG was calculated as the difference between the last measured weight during pregnancy (at mean 38.5, s.d. 2.2, weeks' gestation) and pre-pregnancy weight. A questionnaire was used to collect information on education and working status at the first maternity clinic visit and on smoking status both at the first visit and the 36-37 weeks' visit.
Statistical methods
Statistical analyses were conducted using STATA software (version 11.2; StataCorp. LP, TX, USA). The data was analysed in the originally randomised groups whenever the outcome data were available for participants. Descriptive information was reported as means (s.d.) for continuous variables and as frequencies (%) for categorical variables. All statistical analyses were performed using multilevel models enabling correction of the results for between-municipality, between-clinic and between-nurse variation.
Multilevel linear regression models were used to analyse between-group differences in the mean weight gain by weeks' gestation, the mean timing of the last weight measurement and the mean total GWG. The betweengroup differences in these outcomes were described as coefficients (95% confidence intervals) or means (s.d.) and P-values. When comparing the mean weight gain by weeks' gestation between the groups, the model included the self-reported pre-pregnancy weight, all measured weights, the timing of each weight measurement (weeks' gestation), the interaction term between the group and the timing variables, and the model was also adjusted for pre-pregnancy BMI and smoking status. The between-group difference in the proportion of participants exceeding the GWG recommendations (vs below or within recommendations) were analysed using multilevel logistic regression model and the results were described as odds ratios (95% confidence intervals) and P-values. When comparing the mean total GWG or the proportion of participants exceeding the GWG recommendations, the models were adjusted for weeks' gestation at last weight measurement, pre-pregnancy BMI (both continuous), and smoking status (categorised) as of all background variables these variables remained significant in the multivariable models. The analyses were conducted separately among normal weight and overweight participants. The number of underweight participants was too low for the stratified analysis. In a sensitivity analysis, the multilevel logistic regression model was also performed using achievement of the IOM's GWG recommendations in 2009 as the outcome variable (exceeding vs below or within recommendations).
RESULTS
The participants had similar age, pre-pregnancy weight, height and BMI on average in both groups at baseline ( Table 2 ). The intervention group had a slightly lower proportion of overweight participants than the usual care group. The proportions of participants with no previous children, a university degree or a fulltime job or who were non-smokers were higher in the intervention group than in the usual care group. The prevalence of each of the inclusion criteria was fairly similar in both groups except that the intervention group had more often relatives with diabetes than the usual care group. Figure 2 shows the mean weight gain in the intervention and the usual care groups by weeks' gestation until the end of pregnancy. The mean weight gain seems to differ between the groups only after 30 weeks' gestation. Based on the multilevel mixed effects linear regression model, the intervention group had a lower mean weight gain by weeks' gestation than the usual care group (adjusted coefficient for the between-group difference À 0.016 kg per day, P ¼ 0.041). However, the total GWG by the end of pregnancy was not statistically significantly different between the groups (Table 3) .
Similarly, although a lower proportion of the intervention group (46.8%) than of the usual care group (54.4%) exceeded the recommendations given by IOM in 1990, the odds ratio for excessive GWG was not statistically significant between the groups regardless of whether adjusted for confounders or not ( Table 3) . The results were similar when the data was stratified by pre-pregnancy BMI status. As compared with the usual care group, the participant in the intervention group had an odds ratio of 0.84 (95% CI 0.46-1.54, P ¼ 0.58) among normal weight women and an odds ratio of 0.74 (95% CI 0.29-1.92, P ¼ 0.54) among overweight women for excessive GWG, when adjusted for weeks' gestation at last weight measurement, pre-pregnancy BMI (as continuous) and smoking status.
In the sensitivity analyses including participants from all BMI categories, 115 (54.0%) participants in the intervention group and 106 (62.7%) participants in the usual care group gained weight more than recommended by IOM in 2009. When adjusted for the same confounders, the intervention did not have a statistically significant effect on the proportion of participants exceeding these IOM's revised recommendations (adjusted OR 0.75, 95% CI 0.49-1.24, P ¼ 0.26).
DISCUSSION
To our knowledge, this study is the largest randomised controlled trial to date reporting the effects of lifestyle counselling on prevention of excessive GWG. The intervention group had a lower mean weight gain by weeks' gestation, although mainly from 30 weeks' gestation onwards. However, the intervention did not have a statistically significant effect on mean total GWG or the proportion of participants exceeding the GWG recommendations. The results were the same when normal weight and overweight women were analysed separately and when achievement of the IOM's revised recommendations 15 were used as the outcome variable.
The primary aim of this trial was to prevent development of GDM, which should be kept in mind when interpreting these results. Although appropriateness of weight gain was discussed and weight was measured at each of the five visits, the dietary counselling focused on improving diet with regard to the quality of dietary fat, and fibre and saccharose intake instead of aiming to restrict energy intake to reduce GWG. The counselling was effective in improving diet with several qualitative respects both by 26-28 and 36-37 weeks' gestation, 31 although no betweengroup differences were observed in changes in energy intake. The physical activity counselling helped the participants to maintain the frequency of leisure-time activity sessions until 26 to 28 weeks' gestation, but did not have effect on total leisure-time activity level. 32 Based on these changes in lifestyle, perhaps larger effects on GWG could not even have been expected. Nevertheless, the present study with five counselling sessions incorporated in usual care was effective in reducing the proportion of large-forgestational-age infants, a typical adverse consequence of GDM. 30 Although the total GWG may be a more relevant outcome from the clinical viewpoint, the results related to the weight gain by weeks' gestation could be utilised, for example, when developing the counselling methods further. The intervention group had a lower weight gain by weeks' gestation than the usual care group but apparently only after 30 weeks' gestation (Figure 2) , which is understandable considering the timing of counselling and the changes obtained in diet and physical activity. In order to have an effect on weight gain earlier in pregnancy (and thus also on total GWG), more frequent visit in early pregnancy with more emphasis on controlling energy intake and increasing total physical activity may be needed.
In theory, GDM might be a confounder in the analyses if the participants with GDM received additional advice on diet and activity and if there was a difference between the intervention and the usual care groups in the proportion of participants with GDM. We did not include the GDM variable in the final multivariable models because there were no between-group differences in the incidence of GDM (15.8% in the intervention vs 12.4% in the usual care group, P ¼ 0.16) 30 or in the proportion of participants receiving additional dietary advice from a nurse specialised in diabetes care (7.9% vs 3.8%, respectively, P ¼ 0.11, w 2 -test), and the GDM variable was not statistically significantly associated with GWG in any of the multivariable models.
The effects of previous lifestyle interventions on GWG have been mixed. Based on the review by Herring et al., 24 two of the previous systematic reviews and meta-analyses concluded that the interventions did not have effect on mean GWG, 17, 22 two concluded that the interventions were effective in reducing GWG in certain subgroups only and not to the level recommended by IOM 18, 19 and three concluded that the interventions were able to 14 Physical activity: to achieve (or maintain) the physical activity recommendations for health. 39 The recommended minimum weekly amount of leisure-time physical activity corresponded to 800 MET (multiples of resting metabolic equivalents) minutes, which is equivalent, for example, to moderate intensity activity Bfor 30 min five times a week. 40 ,41 [16] [17] [18] GWG: the participant was weighed, weight gain by that time was recorded on the chart in her follow-up notebook and feedback was given Physical activity: realisation of the plan was discussed based on participant's records and the plan was revised when needed Diet (primary counselling session): a detailed personal plan for changes in diet was agreed and written down in the follow-up notebook Diet: to achieve (or maintain) a diet containing saturated fat p10 E% a, , polyunsaturated fat 5 to 10 E%, total fat 25 to 30 E%, saccharose o10 E% and fibre 25 to 35 g per day. [42] [43] [44] [45] [46] In practice, the participants were advised to (1) to use vegetables, fruits and berries, preferably at least five portions (a total of 400 g) a day, (2) to select mostly high fibre bread (46 g fibre/100 g) and other whole-meal products, (3) to select mostly fat-free or low-fat milk and milk products and of meat and meat products, (4) to eat fish at least twice per week, (5) to use moderate amounts of soft vegetable spreads on bread, oil-based salad dressing in salad and oil in cooking and baking, (6) to use foods high in fat seldom and only in small portion sizes and (7) to use snacks containing lots of sugar and/or fat seldom and only in small portion sizes. 22-24, 32-34 and 36-37 GWG: the participant was weighed, weight gain by that time was recorded on the chart and feedback was given Physical activity and diet: realisation of the plan was discussed based on participant's records and the plan was revised when needed.
Abbreviations: GWG, gestational weight gain; BMI, body mass index.
a E%: percentage of energy intake.
Preventing excessive gestational weight gain TI Kinnunen et al reduce mean GWG but did not report their effect on the proportion of participants achieving the recommended GWG. 20, 23, 27 Additionally, two meta-analyses 25, 26 on dietary interventions to prevent excessive GWG concluded that the interventions were effective in reducing mean GWG. Tanentsaph et al. 26 suggested that more intensive interventions that focus on caloric restriction are needed to restrict GWG at least in overweight and obese women. On the other hand, Herring et al. 24 and a recent Cochrane review 28 concluded that none of the previous intervention strategies have been particularly effective or ineffective in general. As most of these previous reviews used different selection criteria for individual trials, heterogeneous conclusions can be expected.
Of all previous individual randomized controlled trials to prevent excessive GWG, the study by Phelan et al. 34 was the largest (n ¼ 363 in the analyses). The intervention in this US study consisted of one baseline face-to-face counselling session and weekly mailed materials about appropriate GWG, healthy diet and exercise, individual graphs of GWG and telephone-based feedback for participants. The intervention reduced the proportion of women gaining excessively weight among normal weight women (40.2% in the intervention group vs 52.1% in the control group, P ¼ 0.003), but not among overweight or obese women.
The results have also been quite promising in two other recent randomized controlled trials that were not included in the above mentioned reviews. A Danish study including 304 obese women 35 found that the lifestyle intervention had effect on median GWG (7.0 vs 8.6 kg, P ¼ 0.01) and the proportion of women exceeding IOM's recommendations (35.6% vs 46.6%, P ¼ 0.058). Similar to our study, women with a positive oral glucose tolerance test in early pregnancy were excluded from the intervention. In a Canadian study (n ¼ 190 non-diabetic women), the dietary and physical activity counselling intervention was able to reduce the proportion of women exceeding the GWG recommendations Figure 2 . Mean (95% CI) weight gain by weeks' gestation in the intervention (n ¼ 192-216) and the usual care groups (n ¼ 160-171), adjusted for pre-pregnancy BMI, and smoking status (coefficient for between-group difference À 0.016, P ¼ 0.041).
(35.3% vs 54.5%, Po0.01), although it did not have effect on mean GWG. 36 On the other hand, a smaller exercise intervention in the Netherlands had no effect on mean GWG at 32 weeks' gestation in overweight or obese pregnant women at risk for GDM (n ¼ 84). 37 We also analysed the effects of the intervention on the proportion of participants exceeding the revised recommendations for GWG. 15 The results were essentially similar except that a higher proportion of the participants exceeded the revised recommendations in both groups. This finding is in line with a US observational study (n ¼ 11 688), in which a higher proportion of pregnant women were classified as excessive weight gainers and a lower proportion of women as inadequate weight gainers when using the IOM's revised recommendations as the criterion. 38 This derives from the fact that when using the revised recommendations with WHO's BMI-categories, a higher proportion of women are classified as overweight and a lower proportion of women as underweight, normal weight and obese as compared with the previous IOM's BMI-categories.
The present study had some strengths compared with the previous trials. In addition to being the largest randomized controlled trial reporting the effects of a lifestyle counselling intervention on prevention of excessive GWG (though as a secondary outcome) to date, the intervention was incorporated in the routine visits to public maternity clinics suggesting that the counselling procedures are likely to be more transferable to maternity care practices. The participation rate was very high in both groups (88%). The dropout rate was also relatively low as data on GWG was missing only for 30 (12.2%) participants in the intervention group and 27 (13.8%) participants in the usual care group of all participants who were eligible and signed the informed consent.
There are also some limitations that need to be addressed. First, the power calculations were made based on the primary outcome of the trial (GDM) only and not based on any of the secondary outcomes (for example, GWG). 30 Even if the present trial was larger than any of the previous trials aiming to prevent excessive GWG, its small sample size and/or effect size may have been too small for the GWG outcome (partly due to the cluster randomisation) as can be seen from the wide confidence intervals for the odds ratios and the means. Second, there were some differences in background characteristics of the participants between the groups suggesting the possibility of a selection bias. After all only few of these variables were actual confounders and were included in the multivariable models. Nevertheless, it is possible that the intervention group may have been more health conscious and motivated to improve their lifestyle during pregnancy as they were more often highly educated, working full-time and first-time mothers. Third, although the dropout rate was low, intention-to-treat analyses were not done due to missing values (12.2-13.8%) in the weight data. Fourth, as in most studies on GWG, self-reported pre-pregnancy weight may cause some inaccuracy in measurement of GWG. However, the difference between the pre-pregnancy weight and the weight measured at the first visit was similar in the intervention and the usual care groups ( Figure 2 ) and therefore, it is not likely that there were major differences between the groups in the accuracy of reporting pre-pregnancy weight. The scales of the maternity clinics were not calibrated but possible inaccuracies are more likely to have occurred at random than systematically between the groups. The nurses who made the body weight measurements were also aware of the participants' intervention status, which may be a potential weakness. However, we find the possibility of a bias unlikely, as the nurses were performing their usual work and recording the weights in the usual maternity cards, which was nothing extra for the purposes of the present study. Finally, the participants were women at increased risk for GDM. Even if overweight and other risk factors for GDM are common nowadays, the results may not be generalisable to all pregnant women.
In conclusion, the intervention including counselling on GWG, physical activity and diet had minor effects on GWG among women who were at increased risk for GDM. In order to prevent excessive GWG, additional focus on restriction of energy intake may be needed. Multilevel linear regression model for comparing means and multilevel logistic regression model for odds ratios taking into account the between-municipality, between-clinic and between-nurse variation and adjusting for weeks' gestation at last weight measurement, pre-pregnancy BMI (both continuous), and smoking status (categorical).
e Number of missing values: intervention group (n ¼ 3), usual care group (n ¼ 11).
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